N81-13075 


{VASA— CB~ 16 161 5) CONCEPTUAL DESIGN STUDY 
SCIENCE AND APPLICATION SPACE PLATFOHN SASP. 

TOLUHE Is EXECUTIVE SU SHAKY 
(HcDonnell-ueuylas Astronautics Co.) 27 p Uuclas 

HC A Q3/NF Ad 1 CS CL 22B G3/14 2?504 


MCOOMMCLL DOUGLAS ASTMMVAUTTCS COMfMMF 


MCDOMWCL1. DOUOLJkm 




CONCEPTUAL DESIGN STUDY 
SCIENCE AND APPLICATIONS SPACE PLATFORM 

(SASP) 

VOLUME I EXECUTIVE SUMMARY 


OCTOBER 1980 


MDC G9246 


PREPAREO BY: 

Study Manager 

McDonnell Douglas Astronautics Company 


APPROVED BY: 

Max Nein 
COR 

NASA/Marshall Space Flight Center 



t-S* <C. 

ritz C. Tlunge «-• 


MCOOIVIVEU. DOUGLAS 4SrWOW4UriCS COMP4/Vr «UX(TI)VCTOW BEACH 

^30 1 Botsa A venue Huntington Bed, h California 92647 (7 14} S96 33 1 1 




TABLE OF CONTENTS 


INTRODUCTION 1 

Section 1 PAYLOAD ACCOMMODATIONS (Task 1) 4 

Section 2 CONFIGURATION DRIVERS (Task 2) 5 

Section 3 POWER SYSTEM INTERFACES (Task 3) 6 

Section 4 SUBSYSTEM TRADES, CONCEPT DESIGN, AND SPECIAL EMPHASES 6 

(Tasks 4, 5, and 8) 

4.1 First Order Platform 7 

4.2 Second Order System 7 

4.3 Structures and Materials 7 

4.4 Dynamics and Control 11 

4.5 Communi cat ions. Data Management, and Flow 12 

4.6 Thermal Control 14 

4.7 Power Distribution 14 

4.8 Rotating Joints/Berthing Units 15 

Section 5 OPERATIONS (Task 6) 17 

Section 6 DEMONSTRATION TEST (Task 7) 19 

Section 7 PROGRAMMATICS, COST AND SCHEDULE (Task 9) 19 

Section 8 ADVANCED PAYLOAD CARRIER CONCEPT (Special Subject) 20 

Section 9 SCIENCE AND APPLICATIONS MANNED SPACE PLATFORM 21 

(Special Subject) 

Section 10 SUPPORTING RESEARCH AND TECHNOLOGY 21 

iii 



irst Order 


BASIC 



IV 



INTRODUCTION 


Starting in the mid-1980's, platforms in low-earth orbit will provide highly 
beneficial and adaptable accommodations for a great variety of science and 
applications payloads. The platform configuration conceived in this study 
consists of a two-part evolution as shown in the facing illustration. The 
First Order Platform consists of minor appendages to the Power System for 
improved payload viewing, whereas, the Second Order Platform is designed to 
better accomnodate more and larger payloads. 

The system design philosophy applied in the development of ‘■his platform 
concept is as follows: 

• Provide a highly-modular system for: 

- simple, low-cost, initial capability to accomnodate Spacelab payloads 
modified for long-duration flight. 

- conservative escalation o* mission capability for more and larger 
payl oads . 

- flexible adaptation to a great variety of payload groups. 

• Maximize payload integration simplicity and flexibility of use. 

• Optimize distribution of functions among Platform, Power System, Payloads, 
and Ground Support. 

The long duration, multipayload, free-flying platform will not only be beneficial 
to many payloads, but also to heavily overloaded mission support elements such 
as data relay satellites. Figure A illustrates the modular elements of the 
Platform System which can be assembled in various fashions to suit differing 
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mission needs. Although the study focused primarily on an unmanned, free- 
flying platform for viewing/sensing/transmitting payloads, a manned access/ 
berthing module was also designed for the separate flight of manned modules 
with the Power System. 


Extended 
2nd Order 
Platform 


Manned Access Module 


Mini-Anit/Rigltt 

MinkArm/Lett 

Mlnt-Arm/Trail 




Standoff/Support 
Module w/Left 
and Right Cross 
Arms 


Deployable 
'* Right and Left 
Cross Arm 
Extensions 


Trail Arm Extension 


Figure A - Platform Parts Catalog 


This Phase A study followed and capitalized on an extensive Pre-Phase A study 
by NASA in-house at MSFC, and also paralleled the major portion of a TRW study 
of platform payload prospects. The overall flow of the study is shown in 
Figure B. 


The overall conclusions of the study are as follows: 

• The platform configurati ton can effectively fulfill the documented 
requirements of ma.y of the NASA/OSS and OSTA payloads planned for the 
mid-to-late eighties (earlier NASA programmatics analyses indicated 
considerable cost benefits for payloads with the Platform mode versus 
dedicated free-flyers for each payload). 
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Figure B - Study Task Flow 


• The modularity* shape* and size of the recommended platform concept 
fulfills the utilitarian goals embodied in the philosophy stated earlier. 
Moreover, it provides particularly good dispersion and viewing freedom 
for a number of payloads up to 12 meters in length. 

t The T-bar and cruciform configurations inherent in the recommended 
platform, with rotary joints on each arm, provide the highly-flexible 
viewing and physical separation desired by payloads plus convenient 
loading access. 

• Deployable structures (considered for platform arm extensions) offer 
cargo bay stowage compaction advantages but structural modeling for 
rigidity analysis plus development/testing is required to better under- 
stand performance. 

• Payload stabilization of 1.5 arc seconds can probably be achieved with 
an instrument pointing syste. with platform structure selected. 
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• Shuttle RMS support of platform deployment and loading requires a dual- 
hub berthing arm (for the extended span reaches involved) or RMS 
relocation. 

• The reference Power System used in the study fulfills most platform/ payload 
requirements but numerous minor changes are suggested. 


Section 1 PAYLOAD ACCOMMODATIONS (Task 1) 


The SASP payload data base was created by developing a computerized (MCAUTO/ 
CONFIRM) compilation of information from documents provided by NASA-OSS and 
OSTA. Figure 1-1 itemizes the payload parameters which were examined to 
determine requirement envelopes and percentage of payload capture relative to 
various levels of system and subsystem capabilities. 


MAXIMUM PAYLOAD SIZE 



NylnaJ Um» (m| 


PAYLOAD PARAMETERS EVALUATED 

• Inclination Ranges 

• Desired Inclinations 

• Altitude Ranges 

• Desired Altitudes 

• Pointing Accuracy 

• Pointing Stability 

• Maximum Payload Dimensions 


Average Power 
Peak Power 
Data Rates 
Mass 
Thermal 


Servicing 

• Viewing 

• No. Pallets 

• Availability 

• Orbit Stay 


• Based on OSS and OA Payload 
Descriptions and Model (1979) 

• Developed Computerized Data Base 

• Relegated Very Large Payloads 

to Adv Platform (LARC/MSFC Study) 



Figure 1-1 Payload Requirement Envelopes 
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Section 2 CONFIGURATION DRIVERS (Task 2) 


The SASP should be a modular system capable of a variety of configuration steps. 

A low cost First Order Platform Concept should employ small payload berthing 
arms for the standoff necessary *o prevent payload/ pal let interferences, and 
to provide flexible payload viewing. A +90° rotation and 90° hinge capability 
should also be provided on each arm. 

Next, a Second Order Platform Concept should provide improved payload viewing 
and isolation for larger payloads via increased physical separation of payloads 
from each other and the Power System plus three vernier rotation joints. Also, 
since the considerable resources of the Power System can support more than just 
a few payloads, extension arms should support increased platform loadings. 

Configuration drivers were derived from (1) payload requirements, and (2) the 
requirements and constraints imposed by platform integration with related 
external systems such as the Orbiter, TDRSS, and the Power System. Maximum 
payioad dimensions were used to establish Second Order Platform sizing. Cross- 
arm separation from the Power System solar array was established to avoid possible 
collision risk for a majority of the payloads and to identify payloads (17%) 
which represent unwieldy installations and were relegated to the larger 
advanced platform (separate IflJAC study for LaRC). Berthing port separation 
distances were established to avoid collision risk between adjacent payloads 
ujring scanning. Both first and second order platform designs must meet a wide 
range of viewing directions for the various and simultaneous interests of 
multiple payloads. 

System drivers considered included Orbiter performance, Orbiter RMS reach, TDRSS 
support potential , integrated viewing (payload, radiators, solar-arrays, etc.) 
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intersystem dynamics, environmental impacts, orientation, and intersystem 
configuration impacts. 


Section 3 POWER SYSTEM INTERFACES (Task 3) 


Overall Power System interfaces with the Platform and its payloads were st 1 jd 
and the resulting comments are summarized on Table 3-1 below. 


i n Ord at Platform 2 nd Ordm Platform 

fPowfl 


• ProvtdB 25 kW 30 and 120 VDC at 
On* of iho y Pons 

• Consider Adding Higher Power 
Capacity st Ons y Port tor Unlqus 
AooUcilioni 

- Proiride 6 kW 30 end 120 VDC st 
tls ty Ports 

• Terminate Equipment Grounding 
Conductor from Mlnlsrms 


• Considsr Mssns to Oypass 120 VDC 
Rsgulstor 

• Considsr 12.$ snd 25 kW Options 

• Provide s Third Isotatsbts 120 VDC 
Bus Intertses 

• Tsrmlnsis Equipment Grounding 
Conductor from Plsttonn Support 
Motfuto 


1 Thsrmal Control! 


• Provide Thsrmal Ss css to * y 
Ports (Pumps In PS) 

• Psrtormancs Charactsrlstlcs ol PS 
Payload Hsat Exchanger and Tamp 
Control Logic Nssdsd 

• NASA Altsmatlvss to Freon 21 

• NASAMSFC Work on Olsoonnsctc 


• Additional Hast Dejection Capability 
tor Payloads 

• Psrtormancs Charactsrlstlcs of PS 
Payload Host Exchangsr and Tamp 
Control Logic Nssdsd 

• Tamp Control Systsm Modifications 
tor 40 *F Sanrtcs to Ufa Science 
Payloads 

• NASA AttsmatNsa to Frson 2' 

• NASA MSFC Work on Disconnects 


» Increase USA link CapetnM. to 300 MBPS • Increme KSA Link CapaOWty to 300 MBPS 
» Increme Capacity at SASP Port to 300 e Incream Capacity at SASP Port to 300 


» increme Conttnoouc Channel Capacity to • tncream Continuous Channel Capacity to 
Approximately 200 ASPS Approx im ate ly 200 KBPS 

1 Increase Data Storage Capability • TS Ung end PoatSon Date from OPS Are TBD 


1 Attitude Control | 


» Low'G Attitude Control Mode 
► PS Structural Distortion* 


• low-G Attttuda Control Mode 
a PS Structural Distortion? 


» Bert h i ng Ali gn me n t Accuracy 
• Control System Bandwidth? 


■ Berthing Alignment Accuracy 
a Control System Bsndwfdtfi? 

• S u p ple m e nt al Control Varsue Axle 
Ske wing 

• Cooperative Control B e tween PS. SASP. 
and Pointing System Computers 


[pocking] 


* Provide i Pons 
> Mscnantcai /Functional inlarfaces 
' OrtMler Berthing Adapts/ to Provide 

Access to All Necessary Pots 


• Mechanical functional Interlaces 

• 1 eteecoptng Boom or Equrvoient lor 
Orbits* Berthing end Servicing 


Table 3-1 Platform/Power System Interface Consents 
Section 4 SUBSYSTEM TRADES, CONCEPT DESIGN, AND SPECIAL EMPHASES (Tasks 4, 5, and 8) 


In order to avoid repetition in subject treatment, these three tasks are integrated 
here for clarity. Initially, t:, features and benefits of alternate conceptual 
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approaches in many areas were traded (see Table 4-1). Next, the accommodation 
modes and selected subsystem approaches w ^detailed and integrated. During 
the first six months, the study addressed only what was later to be designated 
as the Second Order Platform. However, again for clarity here the later 
incorporated First Order Platform is discussed first. 

4.1 FIRST ORDER PLATFORM 

Use of the Power System on a minimal basis must accomnodate the variety of 
viewing freedom needs of the payloads. This dictated the addition of small 
appendages to the reference Power System as shown in Figure 4.1-1. 

4.2 SECOND ORDER SYSTEM 

The features of the broader capability Second Order Platform are described in 
Figure 4.2-1. The accommodation evolution in prospect for payloads are shown 
in Figure 4.2-2. Modular kit additions, namely the deployable side arms (no 
radiators) and the thermal ly-autonomous trail arm, are shown in Figure 4.2-2. 
The deployable side arm truss incorporates telescopic tubes, selected for their 
advantageously high compaction ratio, lightweight, substantial rigidity, and 
minimal number of joints. 

4.3 STRUCTURES AND MATERIALS 

Figure 4.3-1 gives examples of the analyses performed as well as options and 
selected approach for the material and basic concept of the SASP structure. 

The material /structure selected must provide high stiffness (f >_ .1Hz), 
minimum complexity, minimal structural distortion considering thermal and 
dynamic inputs, have adequate life (5-10 years) in the LEO radiation and 
thermal cycling environment and adequate strength for the critical loads. 
Shielded aluminum has attractive prospects but needs further study of joint 
shielding and deployable applications. 
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1st Order configuration 

2 vs 3 vs 4 payload berthing 
ports 

Fixed vs moveable berthing 
ports 

Bottom vs side or end 
pallet mount' 

Standoff mini-arms vs 
direct-to-pov/cr system 
pallet mounting 
Fixed vs scheduleaMe 
vehicle orientation 


fixed truss configurations 

Deploy able truss 
configurations 
Truss material 

Attitude control 
Concept approach 

Momentum dump 
considerations 
Preliminary modal analysis 


lxternal disturbance 
analysis 

Open loop AGS pointing 
sy stem disturbance 
response 


Thermal/ structural 
response 


kxamplc payload group 
evaluation 


Centralized versus 
distributed payload data 
processing 

Payload data storage on 
power svstem, platform or 
pallet 

Multiplexing on power 
system versu* platform 


3 active payload berthing ports 
(1 park) 

4 position clocked b?i thing 
ports 

Bottom mounted pallets 
Standoff mini-arms 


Orientation variable 


Square \ rectangular box 
{sing dtag truss) 

Tele told {cable drive) 

Graphite, epoxy {alum, if 
covered by radiator) 


PS control {more magnetic 
torquers requested) 

Options identified onen* '* 
tion and payload dcpcndi n 
Designed in structural dup- 
ing recommended to improve 
{ line d sy stem stability 
Methods identified to i ..luce 
disturbances 

Pointing performance poten- 
tial much better than 
orbitei closed loop analysis 
needed 1 ) *ncss ultimate 
perle nee 

Acce. f *tio n levels and line of 
sight aistu' jances identified 
potent nil., not significant 
impact 

CMG desaturation every 4 
orbits, leu with orientation 
skewing 


Distributed 


Power system for lM order 
platform, supplement b\ 
platform s\ stem tor 2nd order 
Power system tor 1 si vrder 
platform, supplement by plat- 
form system for 2nd order 


Berthing equipment 

1st order platform berthing 
system 

2nd order platform berth- 
ing system 

Alternate payload carrier 
Many evaluated 

Thermal control 

Centralized versus pallet 
radiator 

Loop arrangements 
parallel or series 
Payload interface options 

Centralized radiator-dual 
loop alternates 
Centralized radiator flow 
options comparison 

Pa yload cryogenics 

Cryogenic resupply inter- 
face trade 

“Common” platform 
mounted tank size 
Tank replacement versus 
tank relull 
Tank refill analysis 


Replacement tank location 
trade 

Power distribution 

Platform power circuit 
protec tion/sw itching 
options trade 
Cross-arm power distribu- 
tion option trade 
Peak/ pulse power loads 
options trade 


Mechanisms 

2nd order platform arm 
design 

Rotating joint options 

2nd order platform 
tolerance 

2nd order expandable 
structure service routing 
concepts 

Support module concept 
options 

Pallet access 

1st order (dual hub adap- 
ter or multiple dock ) 

2nd order (dual hub, 
telescopic, multiple dock 
or relocat V rms) 


Reference power system 
berthing unit with 1st order 
platform berthing adapter 
Reference power system 
orbiter berthing unit with 
tele* :oping boom 


Ring-type carrier appear 
advarfageous 


Centralized 

Parallel 

2 loops with direct fluid 
interface 

Separate panels optimum 

Panels in series (4 passes per 
panel is optimum) 


Passive cryogenic cooling 
requires on orbit fluid 
transfer 

1.5M tank diameter is 

optimum 

Tank replacement 

Refill from supercritical 
source or large amounts not 
feasible 

Payload or accessory palLi 
location optimum 


Remote control circuit 
breaker preferred 

Radial circuits from support 
module distributors 
Power system capability 
used up to AfTkw a) Tross* 
arm berthing ports, payload 
provides hove this {25 kw 
available at tY and X ports 
of power system and at plat- 
form trail arm berth) 


Fixed truss with deployable 
extensions 

Iwo-Mage in-line utility 
barrels. 1 VA replaceable 
All concepts had relatively 
small error 

Loop service lines and cables 


Isogrid box with elbow 
hinges for arms 


Dual hub adaptei 
Dual hub tclescopk 


2nd Order configuration 

Basic shape and compaction 
(many concepts evaluated) 

2 vs 3 arms 

Degree of erm rotational 
capability 

Payload berth separation 
PS standoff separation 
Fixed vs scheduleablc 
vehicle orientation 
Number of primary bertn- 
ing ports 

Sir .ctural elements and materials 


Folding cross-arms w .th fixed 
standoif structure (T-bar) 
Payload/program dependent 
i 180 degree full length arms 
360 degree mini-trail arm 
13.2 m 
1 3 4 m 

Variable orientation 
5 to 9 (program dependent) 


Comr lunica lions and data management 


Table 4-1 Trade or Analysis and Resu’ts 


wcoowwru oooo4- 
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IVSTttICIHBmTY 

• 4 MRTNWQ POUTS (1 PARK) 

• SELECTABLE 4 DIRECTION 
VtfWWG PER FORT 

• 3 PAYLOAD ELEMENTS CAN 
VIEW SAAK DIRECTION 
(DEDICATED PLATFORM* 

• NO V«l OBSCURATION IN 
AT LEAST ONE DIRECT ION 

• WEIGHT (EXCLUDING ESI 
•- 2.423 LB 

SUBSYSTEM CAPABILITY 


• »KW TO EACH BERTHMO AORT 

• 120 VOC ANO 30 VOC 


THERMAL CONTROL 
• 10 - t4 KW MEAT REJECTION 
AT EACH BERTHING TORT 


stability AND control 

* WITHOUT POWTMG SYSTEM 

- ACCURACY - 03° - 2° 

- STABILITY tl ARCMIN 

• CROSS TOMYING VIA 
FLAT FORM ORIENTATION 



MECHANISM • SPACELA8 EQUIVALENT MULTIPLEXING 
AND DATA STORAGE 
• PS COMPUTERS PROVIDE 
EXECUTIVE CONTROL 


Figure 4.1-1 First-Order Platform 



SYSTEM CAPABILITY 

• 5 PRIMARY BERTHING 
PORTS 

• 8 TOTAL BERTHING PORTS 

• CUSTOM POINTING ON EACH ARM 

• 5 PAYLOADS CAN VIEW IN SAME 
DIRECTION (DEDICATED PLAT 
FORM OPERATION) 

• -HEMISPHERICAL VIEW WITH 
MINIMUM OBSCURATION 

• 1ROWTH VIA CROSSARM ADDITIONS 

• - Ifr* G S 

• SASP WEIGHT - 16,200 LB 

• CRYO TANK REPLACEMENT 


SASP/OR BITER 
BERTHING MECH ' 

ORBlTER INTERFACE ' 


STABILITY AND CONTROL 
• CROSS' ARM W/O POINTING 

03-2 DEG ACCUR 
-1 ARCMIN 
STABILITY 
PS AND TRAIL ARMS 
t90P PLUS OOP HINGE 
FINE POINTING REQUIRES 
POINT SYSTBO 
GROSS POINTING VIA SASP 
ORIENTATION 
CUSTOM POINTING VIA 
ARM ROTATION 


SUBSYSTEM CAPABILITY 

• POWERU? KW PER PORT ON 
CROSSARM (AUG) 

• 26 KW ON PS PORTS AND TRAIL 
ARM INTERFACE 

• 30 VDC AMD 120 VOC 
THERMAL CONTROL 

THERMAL REJECTION 
EQUAL TO POWER 
AVAILABLE 

INTERFACE PANEL DEPLOYMENT SYSTEM 
COMMUNICATIONS AND DAT/ H DOLING 
TDRSS CAPABILITIES 
EXPANDED MULTIPLEXER AND DATA 
STORAGE * TO 11 BITS 
PLAYBACK AT >200 MBPS 
IMPROVED TIMING ANO POSITION 
REFERENCE 


Figure 4.2-1 


Second Order Platform 
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Payloads 


Pallet 

Separation 


Viewing 


(JW1) 

Shuttle Cargo Bay 
Spacelab Sortie 


<J98§> 

First-Order 

Platform 


< 598 ?) 

Second-Order 

Platform 



) 


Small/MedlumT 
Size: 7-14 Day 
Day Duration 

< 1 Meter 



Conversions for 
3-6 Month Duration 


~4 Meters 


Contamination 


> 

> 


Unidirectional 


a Quad-directional 
via 90° Step 
Rotation 

mol/cm? sec a Est 10® 


Disturbances \ a 36 x 10* 5 g a 1 x 10’ 5 g 


Small/Medium/Large Sizes: 
Multi : Month-Year 
Duration 

~10-15 Meters 

a Tailored, Multidirectional 
via 360° Indexed 
Rotation 

a Est 10® 
a 1 x 10* 5 g 


Figure 4.2-2 Progression of Payload Accommodations 



Figure 4.2- Trail Arm and Fxtension Truss Mde Arm 
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4.4 DYNAMICS AND CONTROL 

The issues, analyses, and recommended approaches in this area are highlighted 
in Figure 4.4-1 . 

Results of the study showed that the Power System would handily control the 
SASP/PS configuration. . ... ,er, additional magnetic torquing may be needed 
for momentum dump. Rotation of the arms +180° will provide custom pointing, 
however, fine pointing must be provided by experiment pointing systems. Very 
fine pointing requirements will necessitate experiments employing image motion 
compensation techniques. The addition of relative-alignment sensors and/or 
SASP mounted attitude sensors looks promising. SASP will make use of the 
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ISSUES 


• EXTERNAL DISTURBANCES 

• STRUCTURAL REQUIREMENTS 

• AUXILIARY POINTING SYSTEM PERFORMANCE 

• IMPACT OF PAYLOAD DISTURBANCES 


ANALYSES 



• DC FINED DISTURBANCES 

• BENDING MOOES DEFINED 

- PRELIMINARY 
-NASTRAN 

• THERMAL TRANSIENTS 

• OEFINEO PALLET DYNAMIC 

ENVIRONMENT 

• DEFINED ISOLATION EFFECTIVENESS OF APS 

• INVESTIGATED HIGH FREQUENCY STRUCTURES 

• DETERMINED MANUFACTURING TOLERANCES 

• INVESTIGATED IMPACT OF PASSIVE STRUCTURAL 

DAMPING 

• INVESTIGATED TORQUE SHAPING 


CONCLUSIONS/RECOMMENDATIONS 

• ARM STRUCTURE l > Q.t H* 

• PLATFORM ENVIRONMENT MORE BENIGN 

THAN SPACELAB 

• EXPERIMENT POINTING SYSTEMS EXPECTED TO 

PERFORM BETTER ON PLATFORM 

• EPS PLUS IMC OR MAGNETIC SUSPENSION 

SHOULD SATISFY MOST POINTING REG’TS 

• SASP POINTING W/O EPS 

ACCURACY < 20 MIN 
STABILITY <10 MIN 


Figure 4.4-1 Platform Dynamics 


ability of the PS computer to improve its attitude knowledge l j using attitude 
data from experiments with very accurate pointing systems. 


4.5 COMMUNICATIONS, DATA MANAGEMENT, AND FLOW 

The subsystem design is largely driven by the payload requirements, vhich 
include very high bit rate data acquisition, near real-time data and cornnand 
links for payload interactive control, and requirements for video and analog 
data handling and, in addition, it must furnish command and data handling 
for the SASP. A second driving requirement is to provide communication with 
the ground via the Tracking and Data Relay Satellite System (TDRSS) . This 
interface determines the communication channel availability, as a function of 
TORS visibility and total loading and also defines the communication system 
key parameters such as RF power, frequency, signal design, and data rates. 

Other goals in this area are the accommodation of Spacelab payload data inter- 
faces and assurance that the SASP/payload interface could be -oadily and reliably 
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integrated on orbit. The results of tradeoffs in design approaches were listed 
earlier in Table 4-1. Requirements for data acquisition rates of 120 tops for 
individual payloads and approximately 220 tops for payload groups have been 
identified. Real-time data rate requirements in the 50-200 Kbps range (for 
payload groups) have also been evaluated. 

Emphasis was placed on the Platform providing a storage capability for payload 
data so that it can be dumped to the ground via TDRSS at opportune times and 
at high rates to minimize TDRSS timeline requirements. Payload data processing 
has been allocated to the payload to a large degree to provide maximum 
payload autonomy and to minimize the integration complexity. 

The purpose of a special emphasis task on data flow was to analyze the data 
flow requirements between SASP payloads and the investigators and other users, 
the mission operations requirements, and the communications and data processing 
technology and resources available to ensure that the SASP communication and 
data management system is responsive to payload requirements and that viable 
approaches are identified to accommodating the overall end-to-end data flow 
requirements. This analysis will be continued as an add-on/sequel task to 
the SASP study funded by 0STDS through March, 1981. The study reported herein 
has identified SASP data management system approaches that are important in 
relation to end-to-end data flow and has suggested that TDRSS capabilities to 
suppc . payload real-time interactive control requirements may be marginal, 

I th in respect to real-time downlink data rates and in response time capabilities. 
It has been shown that a SASP has potential advantages over free-flyers in 
the efficieit use of the TDRSS resource. 
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4.6 THERMAL CONTROL 

The key trades performed in the thermal control area were summarized earlier 
in Table 4-1. These trades formed the basis for arriving at optimum designs 
for the two main competing options of centralized platform radiator and pallet 
located radiators. These two options were compared and the centralized concept 
was tentatively selected because of higher performance and reduced hardware 
requirements. The pallet concept can reject only about 3 kW of heat which is 
a fraction of the sustained electrical power supply capability. Some heat may 
be lost directly to space from pallet located equipment by passive means. 
However, it is felt that limiting cooling to 3 kW would place severe design 
restrictions on the user. 

Use of the pallet radiator concept will reduce flexibility on possible new 
payload carriers such as the tIDAC "ring" concept. Another advantage of the 
centralized concept is the reduced hardware requirements. The centralized 
concept uses two pump packages whereas a pump package (expensive) is required 
on each pallet for the palletized radiator concept. One disadvantage of the 
centralized concept is due to the requirement for cooling fluid connections to 
be made in space. This requirement is similar to the current Power System 
design which has three disconnect sets to allow use of the Power System payload 
heat exchanger. Therefore, it is believed that the same basic disconnect 
which is developed for Power System will also find application on the Platform. 


4.7 POWER DISTRIBUTION 

The platform power distribution system has evolved conceptually into options 
ranging from distributing both dc and ac power, with provisions for utilizing 
the maximum peak dc power available from the 25 kW Power System (PS), to a 
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more elemental system for distributing and controlling primary dc power only, 
with peak load demands exceeding nominal distribution capacity being supplied 
by local peaking batteries. The scope of payload power interfaces ranges from 
those provided for a First Order Platform where the power is distributed 
directly from PS berthing ports, to an Extended Second Order Platform which adds 
distribution from a central support module to payloads on cross arms and 
trailing arms. Distribution of ac power to payloads has been deleted primarily 
because of the lack of a hard requirements base for cost-effective system 
sizing. DC distribution system capability provides 20 kW continuous/30 kW 
peak at payload interfaces. User provided batteries are required to supply 
peaking power if experiment (payload element) demand exceeds the 20/30 kW 
resources. Development of high voltage dc distribution and utilization equip- 
ment is encouraged to provide a viable alternative to less efficient lower 
voltage systems, particularly for high power applications. 

4.8 ROTATING JO I NTS/ BERTHING UNITS 

Resulting from Special Emphasis Task 7.b, Figure 4.8-1 shows details of the 
360° (no thermal fluid) trail -arm rotating joint. The side-arm joints are 
+180° joints to avoid rotating seals for the thermal fluid lines. . igure 4.8-2 
shows the two different dual-hub berthing/loading units required between the 
First and Second Order Platform/ Power System combinations and the Shuttle. 

Note that the larger unit would not be required if a second RMS is installed 
in the aft right of the cargo bay and used with the First Order Unit. 


15 






Section 5 OPERA. IONS (Task 6) 


Figures 5-1 and 5-2 illustrate the platform deployment and loading procedures 
and geometries which led to the incorporation of dual -hub Shuttle interface 

units shown between the Power System or Platform and the Shuttle (and previously 
on Figure 4.8-2). Figure 5-3 illustrates the process flow envisioned for KSC 

platform activities. 


•Y PALLET 




• Dual-Head Berthing 
Unit Required for 
RMS Access 

• RMS Pre-Rotation 
Required in 
Straight-Out 
Position 


+ Y PALLET 



Figure 5-1 First Order r iatform Pallet Access 
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Pre-Dock 


Figure 5-2 First-Second Order Transition 



Figure 5-3 KSC Payload/Carrier/Platform Flows 
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Section 6 DEMONSTRATION TEST (Task 7) 


During the development and qualification of the SASP hardware, the required 
flight performance will be demonstrated via ground test verification wherever 
practical . Development flight testing will be performed only where ground 
simulation is inadequate to give the necessary confidence for flight performance. 
Flight testing could probably best verify the critical parameters of the 
rotational mechanisms, expandable truss, berthing ports and RMS access, and 
the structural rigidity in zero-g and other flight environments. A multi- 
objective, candidate flight demonstration test unit (occupying one pallet) was 
defi ned. 


Section 7 PROGRAMMATICS, COST AND SCHEDULE (Task 9) 

The cost for the Platform portion of the SASP program is shown below in Table 9-1. 

Non- 



Recur 

Recur 

Total 

FIRST ORDER PLATFORM 

18.2 

8.0 

26.2 

SECOND ORDER PLATFORM 

52.8 

22.2 

75.0 (Follows 1st) 

TRAIL ARM KIT 

12.8 

5.3 

18.1 (Concurrent with 2nd) 


*Does not include project management, SE&I , GSE or Operations. 

Table 9-1 Platform Cost (Millions of 1980 $)* 

This cost assumes the First Order is begun in July 1983, and delivered at the 
end of 1985, 30 months later. The first launch is shown as July 1986. The 
Second Order Platform is a follow-on to the First Order. It shares commonality 
with the First Order (assumes same contractor and uninterrupted production line). 
Its peculiar development starts 6 months after the First Order. Its delivery 
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Is scheduled for July 1986. It is to be launched and joins the First Order 
already in orbit sometime in November 1986. The trail arm has not been 
scheduled but can be available at the same time or any period after the delivery 
of the Second Order. It can be delivered within 2-1/2 years from its ATP. 


Section 8 ADVANCED PAYLOAD CARRIER CONCEPT (Special Subject) 

Many considerations suggest that a simpler, lower cost structural interface 
with the Orbiter may be desirable for SASP payloads. One structural interface 
concept, configured to provide an alternative to the Spacelab pallet for SASP 
payloads, is shown in Figure 8-1. Since SASP payloads do not operate while 
in the cargo bay, a heavy, trough-type design is not required, and a ring 
concept appears well -suited to the many SASP payloads. 



Berthing 

Adapter 



X, Y, Z Load 
Carrier Ring 


Small Payloads 
Support Plate 


Z Load 
Carrier Ring 


Features 


• Low Cost and Lightweight 

• Optimized lor Payloads Which Do Not Operate In Cargo Bay 

• WelLSulted lor IPS Mounted Payloads (Example SIRTF) 

• Minimum Pointing Restriction lor Glmbaled Payloads 

• Minimum Weight on Platlorm 



Figure 8-1 Advanced Payload Carrier Concept 
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Section 9 SCIENCE AND APPLICATIONS MANNED SPACE PLATFORM (Special Street) 

concept for the access module required to berth elements of this system was 
also de^e.oped in the study; details are shown in Figure 9-1. 



Figure 9-1 Early Manned Platform Access Module 

Section 10 SUPPORTING RESEARCH AND TECHNOLOGY 

Although no critical items have been identified which require supporting 
research and technology effort, it is recomnended that technical improvement 
of the following items will minimize program schedule and cost risk: 

A. Rigid truss joint. 

B. Viscoelastic structural elements. 

C. Rotation mechanisms with utility feedthrough. 

D. Recorder - high rate, storage caDaoility and reliability. 
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E. Service routing in deployable structures. 

F. Data processing requirements for pointing systems. 

G. Freon 21 fluid disconnects. 

H. Extension/rotation mechanisms for L.-rthing. 
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